ABSTRACT The antennal sensilla of Anastrepha serpentina (Wiedemann) (Diptera: Tephritidae) adults were studied by means of scanning electron microscopy. Both sexes have the same form and number of antennal segments. The scape and the pedicel are covered entirely by microtrichia. In the distal part of both segments, a series of longitudinally striated hairs was observed, originating in a ßexible socket and ending in a pointed tip. Six types of sensilla were observed in the funiculus: 1) thick-walled multiporous pitted sensilla subtype I and subtype II, 2) thin-walled multiporous pitted sensilla long subtype I and medium length subtype II, 3) basiconic sensilla, 4) multiporous grooved sensilla, 5) clavate sensilla, and 6) an olfactory pit with two small conical and striated sensilla inside. Furthermore, there is a large quantity of microtrichia surrounding the entire funiculus. In the proximal dorso-lateral region of the funiculus, there are trichoid aristae composed of two short segments and one large segment, which have Þxed base bristles or tactile hairs without membranes.
The importance of pheromones and host plant volatiles in the behavior of fruit ßies is well documented in several species (Jang and Light 1996 , Zhang et al. 1999 , Heath et al. 2000 , Cruz-Ló pez et al. 2006 . For example, the sexual behavior of Anastrepha is mediated, in part, by pheromones, which are produced and released by the males to attract females to mate (Nation 1972 , Robacker and Hart 1987 , Robacker 1988 , Nation 1990 ). Also, the lek system used by most tropical Anastrepha requires that males have an aggregating mechanism, possibly mediated by pheromones (Perdomo et al. 1976 ). Similar to other insects, the main olfactory organ in fruit ßies is the antennae; however, little information is found in the literature on the antennal morphology of Anastrepha (Dickens et al. 1988 ). An understanding of the antennal morphology is crucial to perform subsequent studies on insect olfaction. This knowledge can be integrated with molecular, genetic, and behavioral research to construct an integral olfactory system model for the species of interest (Bruyne et al. 2001) .
Anastrepha serpentina (Wiedemann) attacks numerous fruit of native and exotic plants, especially those belonging to the Sapotacea family such as sapote, Pouteria zapota (Jacq.) H. E. Moore and Stearn, and sapodilla, Manilkara zapota L. Van Royen (Norrbom and Kim 1988) . Previous studies have shown that during sexual signaling, males display a calling behavior, releasing volatile compounds (Castrejó n-Gó mez et al. 2007 ). Laboratory bioassays have shown that calling males and their extracts are attractive to females (Castrejó n-Gó mez 2006). Also, it has been shown in wind tunnel assays that both sexes are attracted to sapodilla volatiles (Muñ os-Mendes 2006). Thus, a basic knowledge of types of antennal sensilla would help improve our understanding of the olfactory mechanism in A. serpentina. In this study, we describe the antennal morphology and antennal sensilla present in both sexes of A. serpentina.
Materials and Methods
Insects. Mamey fruit, Calocarpum mammosum (L.), infested with A. serpentina larvae were collected in the Tapachula municipality, Chiapas, Mexico (14Њ 54Ј Nand 92Њ 16Ј E). In the laboratory, the fruit were maintained at 26 Ϯ 0.5ЊC, 70 Ð 80% RH, and a photoperiod of 12:12 (L:D) h, until the larvae reached maturity. Mature larvae were transferred to 300-ml plastic containers with wet vermiculite for pupation. The containers with the pupae were placed inside a 65-by 65-by 44-cm cage until the adults emerged. The recently emerged adults were separated by sex and maintained in separate cages for 24 h under the same conditions as described above. They were fed ad libitum with a mix of sucrose and enzymatic yeast (3:1), hydrolyzed (MP Biochemicals, Irvine, CA), and water was provided in test tubes covered with cotton wicks.
Scanning Electron Microscopy (SEM).
Adults were decapitated and the antennae of 40 males and 40 females were placed separately into a solution of 70% ethanol and 2% formaldehyde for 24 h at room temperature. The antennae were washed with 70% ethanol and then dehydrated by incubation (2 by 1 h) in 80, 90, and 100% ethanol. Antennae were then dried with CO 2 at the critical point and sputter coated with gold-palladium in a Denton II (20 nm) vacuum pump operated with argon, for observation under a TOPCON SM-510, a 5-kV microscope (Valdez 1991 , Wall 1978 . Four photomicrographs were taken (side, dorsal, ventral, and both laterals) for each antenna from both sexes. The length and the basal width of the external part of each type of sensillum were calculated based on 10 sensilla, measured on each side, making a total of 40 measured sensilla from each type for 10 antennae of each sex (Castrejó n-Gó mez et al. 2003) . The length of the antennal segments (scape, pedicel, and funiculus) and the aristae were calculated for 40 antennae of each sex. It was not possible to count the number of sensilla on the antennae due to the great density of microtrichia over the whole antenna and the nonhomogenous distribution of sensilla. In this article, we classiÞed the sensilla of A. serpentina according to the external morphology of the tephritid fruit ßy sensilla described by Dickens et al. (1988) . The data were analyzed by means of a t-test, using the statistic program SPSS version 10.0 (SPSS, Inc., Chicago, IL).
Results
General Antenna Morphology. The antennae of A. serpentina are located in the antennal pit, between the eyes. Both sexes have the same form and number of antennal segments. The antennae consists of a scape, which articulates with the antennal socket. The pedicel is dorsally evaginated and connected distally to the funiculus. The ßagellum segments display the same general organization and pattern of the sensorial structures. The scape and pedicel are covered by small curved hairs, known as microtrichia, which display longitudinal grooves. Both of these structures also exhibit a series of longitudinally striated no-pore sensilla in the distal region (Fig. 1A) . These are much larger than the microtrichia, originating in a ßexible socket and ending in a pointed tip. Six types of sensilla can be observed in the funiculus. They are 1) thickwalled multiporous pitted sensilla, 2) thin-walled multiporous pitted sensilla, 3) basiconic sensilla, 4) multiporous grooved sensilla, 5) clavate sensilla, and 6) an olfactory pit with two small conical and striated sensilla inside, located in the ventral lateral region, next to the funiculus (Fig. 1A ). Many microtrichia surround the funiculus ( Fig. 1B and D) . In the proximal dorso-lateral region of the funiculus there are trichoid aristae composed of two short and one large segment. The aristae also have Þxed base bristles or tactile hairs without membranes, also known as microtrichia (Figs. 1A and 2D) . The length and basal width of the different parts of the antenna (scape, pedicel, and funiculus) are similar for both sexes. However, the basal width of the aristae is greater in females than in males (t ϭ 3.09, df ϭ 78, P ϭ 0.002; Table 1 ). Although the antennal sensilla were not counted it could be observed that short and large thick-walled multiporous sensilla are the most numerous in the funiculus of both sexes.
Thick-Walled Multiporous Pitted Sensilla (ThickWalled MPS). Two subtypes of thick-walled MPS were distinguished (Figs. 1B and C and 2B and C).
Thick-walled MPS subtype I hairs are the longest; they are straight and end in a rounded tip (Fig. 1A) . They are localized mainly on the ventral side of the funiculus. The length of these sensilla is signiÞcantly greater in males than in females (t ϭ 10.86, df ϭ 798, P ϭ 0.001), although the basal width is similar in both sexes (Table 2) . Thick-walled MPS subtype II are short hairs; they are curved or straight in the distal part and end in ßattened tips ( Fig. 1B and D) . They are located around the entire funiculus. These sensilla are significantly longer (t ϭ 2.92, df ϭ 798, P ϭ 0.003) and wider (t ϭ 2.10, df ϭ 798, P ϭ 0.001) in females than in males (Table 2) .
Thin-Walled Multiporous Pitted Sensilla (ThinWalled MPS). Thin-walled MPS are digitiform or club-shaped sensilla with rounded tips and smooth walls, whose base is not inserted into a ßexible socket. They are distributed principally in the ventral proximal part of the funiculusÕ four sides. Two subtypes of these sensilla were differentiated based on size (Figs. 1B and 2A and B) . The thin-walled MPS long subtype I are signiÞcantly longer (t ϭ 4.32, df ϭ 398, P ϭ 0.001) and wider (t ϭ 2.22, df ϭ 398, P ϭ 0.02) in females than in males. The thin-walled MPS short subtype II are signiÞcantly longer in females than in males (t ϭ 11.38, df ϭ 798, P ϭ 0.001), although the width is the same in both sexes (Table 2) .
Basiconic Sensilla. One type of basiconic sensilla that was small, thin, straight and had a smooth wall, was located on the entire funiculus. These basiconic sensilla display a rounded tip and the base is inserted into a socket (Figs. 1B and D and 2B) . To our knowl- edge, this type of sensilla has never been reported in other tephritid fruit ßies. These sensilla are longer in males than in females (t ϭ 2.50, df ϭ 798, P ϭ 0.01) but wider in females (t ϭ 10.16, df ϭ 798, P ϭ 0.001; Table 2 ).
Multiporous Grooved Sensilla (MPGS).
In both sexes these small sensilla are distributed over the whole funicular surface in low densities. MPGS display deep longitudinal grooves (Fig. 2C) and are the smallest of all the observed sensilla (Figs. 1B and 2B) . Each sensillum has a smooth circular base similar to an ampulla ( Fig. 2B and C) . MPGS were longer in males than in females (t ϭ Ϫ3.88, df ϭ 598, P ϭ 0.001) but wider in females (t ϭ 10.45, df ϭ 598, P ϭ 0.001) ( Table 2) .
Clavate Sensilla. A few clavate sensilla were observed. Despite being similar to basiconic sensilla, they can be differentiated by a widening in the distal and narrowest basal regions (Fig. 2B) . They are restricted to the proximal ventral region and are the least abundant sensilla on the funicular surface. In both sexes these sensilla are similar in length but wider in females than in males (t ϭ 2.60, df ϭ 138, P ϭ 0.01) ( Table 2) .
Olfactory Pits. In both sexes only one olfactory pit was observed, which was located in the external ventral lateral region, close to the base of the aristae. Within each sensorial pit, two small conical and striated sensilla could be observed (Fig. 1A) .
Discussion
The described characteristics regarding the antenna of A. serpentina are very similar to those of Anastrepha ludens (Loew), Ceratitis capitata (Wiedemann), Dacus cucurbitae Coquillett, and Dacus dorsalis Hendel (Dickens et al. 1988 , Levinson et al. 1987 . No sexual differences in the length and the width of the antennae of A. serpentina were observed in this study. In contrast, in D. cucurbitae and D. dorsalis, the antennae were larger in females than in males (Dickens et al. 1988) .
The only case of sexual dimorphism observed in the aristae of A. serpentina was reßected in their being thicker at the base in females compared with males. In both sexes, the aristae are covered by microtrichia, which have Þxed bases without membranes. Levinson et al. (1987) reported that the hairs on the aristae are tactile bristles. However, Miranda (2000) suggested that such microtrichia are nontactile because they do not have membranes at their base. Different functions have been attributed to aristae, such as protecting the funiculus sensilla from dust or other damaging particles (Liebermann 1926) , air current detectors (Burkhardt 1960) , and as an auditory organ (Chapman 1971) . Preliminary observations in A. serpentina have shown that this structure did not play any role during mating (Castrejó n-Gó mez 2006). In contrast, in C. capitata, the male aristae are longer and have fewer microtrichia than in the female (Miranda 2000) , due to the mechanical role it plays during mating (Briceñ o and Eberhard 2002) and its function in females of detecting male stimuli (Miranda 2000) .
With the exception of longitudinally striated NPS, the receptor sensilla of A. serpentina are distributed mainly in the funiculus. Similar results have been found in other Tephritidae, such as A. ludens (Dickens et al. 1988) , C. capitata (Dickens et al. 1988 , Levinson et al. 1987 , Mayo et al. 1987 , and D. cucurbitae and D. dorsalis (Dickens et al. 1988) .
The longitudinally striated NPS, located in the distal margins of the scape and the pedicel of A. serpentina, also have been observed in A. ludens, C. capitata, D. cucurbitae, and D. dorsalis (Dickens et al. 1988) . Dickens et al. (1988) mentioned that, because of their socketed base and longitudinally striated surface structure, these sensilla may function as mechanoreceptive and may be involved in the orientation of the antennae.
Although Dickens et al. (1988) did not count the number of different funicular sensilla, they hypothesized that the longer antennae of D. cucurbitae and D. dorsalis females could suggest a greater number of sensilla in female antennae than in males, as cited for D. tryoni (Froggat) (Giannakakis and Fletcher 1985) . Nevertheless, in A. serpentina this may not be the case as the antenna dimensions in both sexes were similar.
Apparently, the size of A. serpentina sensilla is highly variable. Moreover, the sensilla varied in size according to the part of the funiculus where they were localized. This variation is quite common in other Tephritidae. For example, the length of the NPS in A. ludens ranged from 23 to 115 m in females and 24 Ð181 m in males. A similar situation was reported for C. capitata, D. cucurbitae, and D. dorsalis (Dickens et al. 1988) .
As in other fruit ßy species, thick-walled MPS subtype I in A. serpentina are large and robust. The measurements obtained in this study (Table 1) are within the range of those reported for other species of fruit ßies. In C. capitata, these sensilla measured 20 Ð25 m in length by 2Ð2.5 m in basal diameter (Levinson et al. 1987 , Mayo et al. 1987 ; in A. ludens, D. cucurbitae, and D. dorsalis, they ranged in length from 12 to 24 m (Dickens et al. 1988) .
The thin-walled MPS are present in different size in A. serpentina. Three types of these sensilla were identiÞed in C. capitata (Mayo et al. 1987) ; however, Levinson et al. (1987) only reported one type in this same species. Sukontason et al. (2007) also reported short and long sensilla in H. chalcogaster. The dimensions of the thin-walled MPS subtype II in A. serpentina are similar to those found in other Diptera (Bay and Pitts 1976 , Mayo et al. 1987 , Levinson et al. 1987 , Venkatesh and Singh 1984 , Been et al. 1988 , KellingJohannes 2001 . The one difference observed in these sensilla was that they varied in length. Currently, we do not know why there are sensilla of different sizes in A. serpentina.
In this study, we were unable to observe the cuticular pores in the sensilla, possibly because the Þxation procedure rendered them invisible. However, because the thick-walled MPS and thin-walled MPS have nonsocketed bases, it is possible that they may have an olfactory function, as reported for other species of Tephritidae (Mayo et al. 1987 , Dickens et al. 1988 . Thick-walled MPS in C. capitata females perceive the male sex pheromone (Levinson et al. 1987) .
Only one type of basiconic sensilla whose base is inserted into an inßexible socket was observed on the funiculus of A. serpentina. Because this type of sensilla has been not previously reported in Tephritidae, their function is unknown. However, because they are inserted into a socket, it is likely that they function in a mechanoreceptive role. Other sensilla with a socketed base have been shown to contribute in this manner (Dickens et al. 1988) .
The MPGS sensilla observed in A. serpentina have been termed stellate (Dethier et al. 1963) , celoconic (Venkatesh and Singh 1984), double-walled (Kuhbandner 1985) , or styloconic sensilla (Been et al. 1988) in non-Tephritidae. The MPGS sensilla found in A. serpentina (Table 2) are similar in form to those reported in C. capitata (Levinson et al. 1987 , Mayo et al. 1987 , Dickens et al. 1988 ) and D. cucurbitae, D. dorsalis, and A. ludens (Dickens et al. 1988 . They are larger in C. capitata and H. irritans than in A. serpentina (Been et al. 1988 , Mayo et al. 1987 . In the three latter species, the socket in which the sensilla were inserted is very large, compared with the small socket observed in A. serpentina. Although Mayo et al. (1987) suggested a probable olfactory function for these sensilla, Levinson et al. (1987) proposed that they could not be olfactory, due to the lack of pores in their walls. Altner and Loftus (1985) proposed a combined function of chemoreception and thermoreception for basiconic sensilla in Periplaneta americana (L.) and Locusta migratoria (L.), which also may be the case in A. serpentina.
The clavate sensilla observed in A. serpentina are similar in form to those recorded in C. capitata (Levin-son et al. 1987 , Mayo et al. 1987 . Despite not counting the sensilla in A. serpentina, it was possible to appreciate that these types of sensilla were less numerous compared with the other types of sensilla. Similar results were found for C. capitata (Levinson et al. 1987 , Mayo et al. 1987 ) and M. domestica (Kelling-Johannes 2001 . The clavate sensilla of A. serpentina did not originate from a socket. Similar results were reported for C. capitata (Mayo et al. 1987) and M. domestica (Kelling-Johannes 2001) . In contrast, Levinson et al. (1987) reported that these sensilla in C. capitata did originate from a socket. The dimensions recorded for the A. serpentina clavate sensilla are within the range found in other species. For example, in C. capitata these sensilla measure Ϸ15Ð18 m in length and have a basal width of Ϸ1.5 m (Levinson et al. 1987 , Mayo et al. 1987 . As cuticular pores were observed in the walls of these sensilla, it has been suggested that they could have an olfactory function (Kelling-Johannes 2001, Levinson et al. 1987 , Mayo et al. 1987 or operate as thermosensitive sensilla (Ross and Anderson 1991) . However, Hull and Cribb (2001) demonstrated that, in Bactrocera tryoni (Froggatt), they function as carbon dioxide receptors.
The olfactory pit observed in the funiculus of both sexes of A. serpentina is common among Tephritidae species (Levinson et al. 1987 , Dickens et al. 1988 ). The position of this structure varies slightly for each species. It is located in the lateral proximal part, close to the origin of the aristae in A. serpentina and C. capitata (Levinson et al. 1987 ) and on the middle ventral side in the four species studied by Dickens et al. (1988) . In the Tephritidae species, the existence of sensilla inside the sensorial pits has not been described. Hull and Cribb (1997) Þrst described the presence of nonpored wall sensilla of grained appearance, inserted in an inßexible socket inside an olfactory pit in B. tryoni. In A. serpentina two small sensilla were observed inside these pits. These sensilla are similar to those reported as MPGS by Dickens et al. (1988) . In ßies of other families, the existence of several sensorial pits has been mentioned. These have variable positions in the funiculus, present nonpored basiconic sensilla and play a hygrosensitive role (Kelling-Johannes 2001, Been et al. 1988, Bay and Pitts 1976) .
In conclusion, the antennal sensilla observed in A. serpentina are similar to those described for other Diptera. There is no sexual dimorphism regarding this ßies antennae as both sexes have the same type of sensilla.
